Fundamental cryobiology of reproductive cells and tissues.
During the last half of the 20th century there have been considerable advancements in mammalian reproductive technologies, including in vitro production of pre-implantation embryos and embryo sexing, and even cloning in some species. However, in most cases, management of non-cryopreserved reproductive cells (i.e., spermatozoa or oocytes) and tissues (i.e., testicular tissue or ovarian tissue) is problematic due to difficulties in donor-recipient synchronization and the potential for transmission of infectious pathogens, which cumulatively limits widespread application of these techniques. Therefore, there is an urgent need for the development of optimum cryopreservation methods for reproductive cells and tissues from many species. Today frozen-thawed spermatozoa and embryos have become an integral component of animal agriculture, laboratory animal genome banking, and human sperm banking and infertility programs. However, although widely implemented, the protocols currently used to cryopreserve bull sperm, for example, are still suboptimal, and cannot readily be extrapolated to other species' sperm. Similarly, embryo-freezing protocols successfully used for mouse and cattle have yielded little success when applied to some other species' embryos, or to a related cell type, oocytes. To date, with the exception of mouse oocytes, almost all mammalian species' oocytes studied have proven very difficult to successfully cryopreserve. Currently, there is a growing interest to understand the underlying cryobiological fundamentals responsible for these low survival rates in an effort to develop better cryopreservation methods for oocytes. Additionally, there is growing interest in developing technologies for the optimal isolation and cryopreservation of the earliest stage of male (spermatogonia, spermatids) and female (primordial follicle) germ cells, with subsequent maturation to the desired stage in vitro. Female gamete maturation, fertilization, and embryo development entirely under in vitro conditions from primordial follicles has been achieved in mice, however techniques for this and other species are still very early in their development. Furthermore, with the recent advances made in intracytoplasmic sperm injection (ICSI), and gamete isolation and maturation, close attention has been given to cryopreservation of gametes in the form of gonadal tissue (i.e., testicular tissue and ovarian tissue) containing various developmental stages of male (spermatogonia, spermatids, and spermatozoa) and female (primordial, secondary) germ lines.